with Fast HiFidelity PCR Kit (TIANGEN, China) was carried out using the following conditions: 94°C for 3 min, 30 cycles at 94°C for 30s, 56°C for 30s, 68°C for 2 min, and a final extension at 68°C for 5 min. The PCR products were examined by agarose gel electrophoresis (1%). After purification, the products were directly sequenced using ABI technology.
Annotation and analysis
The MITOS database http://mitos.bioinf.uni-leipzig.de/ was used to identify the mitogenomic sequences including protein-coding genes, rRNAs, and tRNAs [21] . Transfer RNA gene analysis was conducted using tRNAscan-SE software v.1.21 [22] . After MITOS reported general locations, the precise locations of Protein-coding genes, ribosomal RNA genes and AT-rich region were identified by comparing their similarity to published Curculionidae mitochondrial sequences. The tandem repeats in the AT-rich region were predicted by the Tandem Repeats Finder available online http://tandem.bu.edu/trf/trf.html [23] . Codon usage and nucleotide composition statistics were computed using MEGA 5.0 software [24] . Circular genetic maps were generated with mtviz http://pacosy.informatik.unileipzig.de/mtviz/.
Results and discussion

Genome organization, structure and composition
Complete mitogenome sequences were obtained for E. chinensis (15,628bp ) and E.brandti (15,597bp) , and have been deposited in GenBank (E. chinensis: KP410324 and E. brandti: KP455482). They are typical circular molecules and include 36 genes usually present in animal mtDNA [1] , including 13 PCG, 21tRNA genes, 2 ribosomal genes and A+T-rich region ( Figure 1 and Figure 2 ). Among these, 22 genes (nine PCGs, and thirteen tRNA genes) are located on the majority strand (J-strand) and the others on the minority strand (N-strand) ( Table 1 and Table 2 ).
A comparison with previous studies suggests that the orientation and gene order of E. chinensis and E. brandti are identical to the inferred ancestral gene arrangement of insects [1] . However, one striking difference is the deficiency of tRNA-Ile genes ( Figure 1 and Figure 2 ). This deletion is also found in other species, such as the Sphenophorus striatopunctatus (GU176342) and Naupactus xanthographus (GU176345), which belong to Curculionidae Eucryptorrhynchus chinensis and Eucryptorrhynchus brandti (Coleoptera: Curculionidae) are two of the most important pests of the tree-of-heaven, Ailanthus altissima (Mill.), which is found throughout China. Larvae of E. chinensis feed on the root tissues and E. brandti feed on the phloem and cambial, and often occur concurrently. After A. altissima was first introduced into North America in the 1700s, it spread rapidly, outcompeting native vegetation [18] . Accordingly, E. chinensis and E. brandti are currently considered as potential biological control agents to limit the spread of A. altissima [19] .
In this study, we sequenced the complete mitogenomes of E. chinensis and E. brandti analyzed the gene content, organization and codon usage, and compared them with other species of Curculionidae. The newly sequenced mitogenomes of Curculionidae are expected to be valuable in enhancing our understanding of the mitogenomes of congeneric species, as well as in yielding a valuable approach for assessing mtDNA evolutionary trends [6, 20] .
Materials and Methods
Sample origin and DNA extraction
Adult species of E. chinensis and E. brandti were collected from the farmland shelter-forest in Lingwu city (N 38°03′, E 106°20′), Ningxia Hui Autonomous Region in northwest China in 2013. Specimens were preserved in 100% ethanol and stored at -20°C until DNA extraction. Mitochondrial DNA was extracted using the mtDNA isolation kit (Biovision) according to the manufacturer's instruction. Prior to extraction, muscle tissue under pronotum was selected to avoid possible contamination from gut content.
DNA sequencing and assembly
MtDNA was sequenced with Illumina HiSeq TM 2000. Using the default parameters, reads were assembled using velvet (1.2.09).
Gap PCR amplification and sequencing
After assembly, the mitochondrial genomes were nearly completely sequenced with the exception of an A+T-rich region and tRNA-Ile. According to the flanking sequences of the gap, we designed a pair of primers (SR-J: 5'-ATAATAGGGTATCTAATCCTAGT/TM-N: 5'-ACCTTTATATTTGGGGTATGAACC) to bridge the gap. PCR In addition to the A+T-rich region, a total of 92 bp noncoding sequences are present in the mitogenomes of E. chinensis, which contain 12 intergenic spacers, ranging in size from 1 to 19 bp. The longest of these exist between tRNA-Serand ND1 gene, tRMA-Gln and tRNA-Met including the microsatellite-like repeats (AT) 7 (Table 1) . A total of 46 bp noncoding sequences are present in the mitogenomes of E. brandti, which contain 9 intergenic spacers, ranging in size from 1 to 13 bp. The longest of these exists between tRNA-Cys and tRNA-Tyr (Table 2) .
Genes overlap in the E. chinensis mitogenome in a total of 15 bp in 9 locations; the longest overlap is 4 bp, and is located between ATP8 and ATP6 ( Table 1) . In E. brandti, a total of 15 bp overlapped regions are scattered in 9 locations; the longest overlap is 4 bp, and is located between ATP8 and ATP6 ( Table 2 ). In annotations, many gene boundaries have been signed to avoid the implications of noncoding intergenic spacers and genes overlaps [9] .
Although most spacers and overlaps appeared to be unique to individual species, Curculionidae species appeared to share the conserved sequence length and location of non-coding regions.
The majority of the intergenic space sequences are far less than 50 bp [28] . A small intergenic region between the tRNA-Ser (UCN) and ND1 genes and including a 5 bp motif (TACTA), is also found in most sequenced coleopterans [9, 27, 31] . The ATP8/ATP6 and ND4L/ND4 gene pairs appear to overlap four or seven nucleotides (ATAA/ATGATAA) in different reading frames [9, 27, 32] .
Protein-coding genes (PCGs) and codon usage pattern
The mtDNA of E. chinensis and E. brandti contain the full set of PCGs usually present in animal mtDNA [1] .
In E. chinensis and E. brandti, with the exception of COI and ND1, all protein-coding sequences originate with the typical ATN start codon. The start codons for COI and ND1 are AAT and TTG, respectively. In E. chinensis, five PCGs (ND2, COII, ATP8, ND5, ND6) start with ATT codons, three (ATP6, ND3 and ND4) with ATA, and there (COIII, ND4L, CYTB) with ATG (Table 1) . In E. brandti, five (ND2, ATP8, ND3, ND5, ND6) start with ATT, two (ATP6 and ND4) with ATA, one (COII) with ATC and three (COIII, ND4L, CYTB) with ATG ( Table 2) .
COIhas been characterized in many species of diverse insect orders, including Diptera, Lepidoptera, Orthoptera and Coleoptera [32, 33] . Generally, some other amino acids (AAA (lysine), ATY (isoleucine), CTA (leucine), AAY [7] . We considered that the deficiency of tRNA-Ile in the mitochondria may provide valuable phylogenetic characters at the family level of coleopteran insects [25] . tRNA arrangement is usually conserved in Coleoptera with no rearrangement and deletions. Only Tribolium castaneum differs from the most common type [26] . In addition, the feature only exists in most Curculionidae insects which have been sequenced mitogenome [7] .
The coding strand is indicated by think line; abbreviations are as in the text and for tRNAs the one letter code of the corresponding amino acid is given. The one-letter symbols L1, L2, S1 and S2 denote tRNA-Leu (CUN), tRNA-Leu (UUR), tRNA-Ser (AGN), tRNA-Ser (UCN).
Nucleotide composition
The composition of the majority strand (J-strand) of E. chinensis mtDNA is A = 6,189 (39.6%), T = 5,954 (38.1%), G = 1,360 (8.7%), C = 2,125 (13.6%). The composition of the J strand of E. brandti mtDNA is A = 6,067 (38.9%), T = 5,880 (37.7%), G = 1,404 (9.0%), C = 2,246 (14.4%).
Similarly, to most Coleopteran insects, the two weevils' mitogenomes show a high A+T bias (77.7% in E. chinensis and 76.6% in E. brandti), compared with most beetles (e.g., A+T% ranges from 66% in Cheirotonus jansonito 81% inSphaerius sp.) [9, 27] . The analysis of the base composition at each codon position of the concatenated 13 PCGs of E. chinensis and E. brandti revealed that the third codon position (91.6% in E. chinensis and 90.6% in E. brandti) showed an AT content higher than that of the first (70.3% in E. chinensis and 69.4% in E. brandti) and second (68.1% in E. chinensis and 68.5% in E. brandti) codon positions, as has also been observed in other sequenced coleopteran species [27] .
The AT skew is 0.019 in E. chinensis and 0.016 in E. brandti, while the GC skew is -0.220 in E. chinensis and -0.231 in E. brandti. This suggests a weak A skew and a strong C skew in the J-strand, similar to those typically found in most coleopteran mitochondrial genomes [28, 29] .
Intergenic spacers and gene overlaps
Mitochondrial evolution has traditionally been viewed as favoring genome size reduction, possibly by eliminating intergenic spacers [30] . 72 bp (Table 1 and Table 2 ). With the exception of serine and leucine, there is only a single tRNA for each amino acid. All tRNA can be folded into the typical clover-leaf structure, with the exception of tRNA-Ser (AGN) ( Figure  S1 and Figure S2 ), which lacked the dihydrouridine (DHU) arm, as is the case with several insects [38, 39] .
Two rRNA (lrRNA and srRNA) are located between tRNA-Leu (CUN) and tRNA-Val, and between tRNA-Val and the A+T-rich region, respectively ( Figure 1 and Figure 2 ).
A+T-rich region
The A+T-rich region of E. chinensis (919 bp) and E. brandti (956 bp) are located between srRNA and tRNA-Gln-tRNAMet ( Figure 1 and Figure 2 ), which are supposed to contain the replication origin site and show high A+T bias (E. chinensis: 82.4%; E. brandti: 76.3%).
The A + T-rich region has been identified as the source of size variation in the entire mitochondrial genome, especially in Curculionidae, from 734 bp in Batocera lineolata (NC_022671) to 4,468 bp in Coccinella septempunctata (JQ321839), usually due to the presence of a variable copy number of repetitive elements [9, 29, 34, 40, 41] .
In E. chinensis, the complete sequences of AT-rich region have two regions including tandem repeats:1) a short 16 bp sequence tandemly repeated two times, with a partial third (3 bp), 2) a 92 bp sequence tandemly repeated four times, with a partial fifth (53 bp). In E. brandti, the AT-rich region also has two regions including tandem repeats:1) a 49 bp sequence tandemly repeated three times, with a partial fourth (9 bp), 2) a 81 bp sequence tandemly repeated there times, with a partial forth (54 bp).
Conclusion
Our study presents the mitogenome sequences of two Eucryptorrhynchus weevils. The results indicate that these mitogenomes follow the ancestral insect arrangement, except the deficiency of tRNA-Ile. There are several common features that many weevil lineages share; such as share the conserved sequence length and location of non-coding regions, using AAT and TTG as start codons for CO1 and ND1, respectively and two regions including tandem repeats in the AT-rich region. Our results identify useful genetic markers for studying population genetics, molecular identification and phylogeographics of Eucryptorrhynchus weevils. The feature of mitochondrial genome of the two weevils adds more examples to (asparagine)) have all been proposed as possible start codons in Coleoptera [9, 34] . We propose that the COImay start with AAT in two weevils. By aligning the sequence region encompassing tRNA-Tyr and COI from all known weevil mitogenomes, the Asparagine (AAT or AAC) start location has been well conserved, and is located only a single base pair downstream from the end of the tRNA-Tyr [9, 27] .
We propose that the ND1 may start with TTG in two weevils. The start codons creating a single base pair between tRNA-Leu and ND1 gene also appear to be more plausible in the evolutionary economic perspective. The feature has been identified in several insects, including Damaster mirabilissimus mirabilissim [32] , Trachypachus holmbergi [9] and Pyrocoelia rufa [35] .
Two standard stop codons TAA/TAG and incomplete stop codons T are utilized in the PCGs. For E. chinensis, ten PCGs (ND2, COII, ATP8, ATP6, COIII, ND3, ND5, ND4L, ND6, CYTB) terminate with TAA, one (ND1) with TAG, two (COI, ND4) with T ( Table 1) . For E. brandti, nine PCGs (ND2, COII, ATP8, ATP6, COIII, ND3, ND5, ND6, CYTB) terminate with TAA, two (ND1, ND4L) with TAG, two (COI, ND4) with T ( Table 2 ). These abbreviated stop codons are found in PCGs that are followed by a downstream tRNA gene. The most common interpretation of this phenomenon is that TAA termini are created via posttranscriptional polyadenylation that changed T to the TAA stop codon [36] .
The pattern of codon usage in the E. chinensis and E. brandti mtDNA were also studied. There are a total of 3,711 codons in all thirteen mitochondrial PCGs, excluding incomplete termination codons. The condon families exhibit a very similar behavior among these two species (Table 3 and Table 4 ). The most frequently use amino acids were Leu (E. chinensis: 15.55%; E. brandti: 16.03%), followed by Ile (10.64%; 10.78%), Phe (9.86%; 10.05%), Ser (9.67%; 9.49%) and Met (6.68%; 6.17%). The RSCU revealed that codons harboring A or T in the third position are more frequently used than those of G or C in the third position. In the PCGs, the four AT-rich codons (UUA-Leu, AUU-Ile, UUU-Phe and AUA-Met) were the most frequently used and GCG were not observed, which is consistent with finding in other coleopteran insects [9, 34] .
Transfer and ribosomal RNA genes
The two mitogenomes have 21 tRNA genes that are present in most metazoan mitogenome [37] . The 21 tRNA genes of the E. chinensis and E. brandti mitogenome are interspersed in the genome, ranging in size from 63 to The tRNAs are labeled with the abbreviations of their corresponding amino acids. Arms of tRNAs (clockwise from top) are the amino acid acceptor (AA) arm, TC (T) arm, the anticodon (AC) arm, and the dihydrouridine (DHU) arm.
